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ABSTRACT 
This study inv~igates pelletized suspensate in a channel-lagoon 
complex near Stone Harbor, N. J. Near-bottom suspended sediment was 
collected from Great Channel, a major· sediment route f into Great Sound. 
Samples were fractionated by settling velocity and the individual 
fractions were sized electronically. 
Fecal pellets settle as medium silt to very/ fine sand grains 
(approximately 20 um to > 88 um equiv. diam.). Although a small 
population of pellets is always in suspension in Great Channel, the 
proportion and concentration of pellet·ized suspensate vary with 
turbulence induced by tidal flow, wind-waves, and wind driven currents. 
During fair weath.er conditions pellets comprise an average of 19 % 
(by weight) of the total near-bottom suspen·sate, single mineral grains 
·aver·age 13 % (by weight), and organic-mineral aggregates average 68 % 
....... : 
(by weight). The constituent particles of pellets range from< 1 um to 
about 65 um and are- broadly distributed clay to very fine sand without a 
d·istinct mode. 
Densities of most pellets range ·from 1. 7 to 1. 9 Mg/m3 . Pellet 
d~nsities ar.e subst-antially higher than thos.e reported for pellets of 
planktonic origin (1.0 to 1.4 Mg/m3 ; Komar, et al, 1·981; Taghon, et al, 
1984) but only slightly higher than those of benthic origin (1.2 to 1.7 
Mg/m3 ; Smayda, 1969, 1971; Risk and Moffat, 1977). 
During turbulent flow conditions, pellets can ~omprise as much as 
54 % (by weight) of the suspe~sate, with single grains and organic-
· mineral aggregate material comprising 19 % and 27 % (by· weight), 
respectively. Individual settling ·velocity fractions of those samples 
1 
-
-collected during turbulent flow conditions may have sediment 
concentrations an order of magnitude greater than similar fractions 
during fair weather conditions. The pellets dominating high 
concentration fractions consist of, almost exclusively, unimodal fine to 
medium silt (between 6 um and 18 um). The silt grains are similar in 
size to silt in the bottom sediments of Great Sound, where silt-rich 
pellets may be generated. Silt-rich pellets may also be generated as 
the res1:,1lt of a change to silt-preferential feeding habits by filte~ 
feeders in response to high suspended s·edirnent flux. 
) 
.,,. 
2 
... 
.,· .. 
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Introduction 
--------------------~------~---------------~--~-------------------------
Bio_deposition is a complex process affecting the recycling and 
ultimate deposition of fine-grained sediment • • 1.n marine environments 
(Pryor, 1975). . Biodeposition is the interaction between organisms and 
sediment, usually involvin·g the ingestion, aggregation, and deposition 
of the sediment (Haven and· Mor·ales-Alamo ;1 1966). Biodeposition 
processes are limited, by the size of the organism, to fine-grained 
sediments that can be manipulated or ing_ested. With few exceptions, 
marine benthic invertebrates produce fecal pellets from these sediments 
(Rhoads and Boyer, 1982). 
The magnitude o.f the effect of proce.,ssing by organisms may be ) 
large. After studying copepod feeding habits, Schubel (1971) estimates 
that .. estuarine zooplankton may filter a volume of water equivalent to 
that in the estuary every few weeks or less. :Rhoa.ds (1963) calculq.ted 
that the population of the clams Yoldia limatula in Buzzard's Bay and 
Long Island.· Sound cou.ld rework. all the bottom sediments twice a year. 
1' 
' . 
Recently a mutlidisciplinary effort has focused oh the hydrology 
and sedimentation in a shallow lagoon, Great Sound, in southern N. J. , 
which is filling with sediment (1 to 5 mm per year; Thorbjarnarson, 
1985). Several studies have reported higher concentrations of 
suspensate on flood tides than on ebb tides .(Kran, 1974; Kelley, 1975; 
Nadeau and Hall, 1986) as a possible mechanism for net influx of 
sediment to the system. The salt:-marsh/lagoon complex near Stone Harbor 
also supports a large infaunal community (Royer, 1980). The present 
study investigates the ro-le that bioaggregation plays in the state of, 
3 . 
·- ··---1t,,o, 
a.nd transport as suspensate of, fine- grained inorganic sediment in the 
complex. Specifically, it is the goal of this study to: 
I 
1. determine the physical characteristics (size, shape, 
density) and typical settling veloci·ties of fecal pellets in 
the suspensate in the Channel/Sound complex. 
2. determine the propor·t:L,on of· suspensate traveling as fecal 
pe.llets and other suspended sediment types. 
3.. determine the size distributions of the constituent 
transported in fecal pellets. 
, 
4 
• 
crrains b· 
\/> 
/•'• ""-.. ~ : 
•. .. 1 
,_ 
• 
--------------------~--~------------~~-----------------~----------------Background 
------------------------------------~~--~----~-----------~--------------
... ,, 
Biodeposition 
In the simplest case of ·pelletization, organisms ingest, compact, 
and excrete particulate matter. The effect of· pelletization on the 
constituent inorganic grains is accelerated settling (Haven and Morales-
Alamo, 1972; Smayda, 1971; Fowler and Small, 1972). 
Pellets and fecal coils generated by the benthos and bound to the 
sediment/water surface are not always suspended~ At flow near or below 
entrainment velocities these feces disintegrate, in situ or during near-
bottom transport, into loose aggregates (Nowell, et al, 1981). Pellets 
ej·ected into the water column are :r;nost likely to be transported (Rhoads 
and Boyer, 1982), but under low flow conditions {1-1.5 cm/s) they travel 
only locally before settling (Nowell, 
) 
Cn 
et al, 1981). Without 
entrainment, pellets are incorporated into the permanent bottom 
sedimen£;, \ (Rhoads and Boyer, 1982) . 
..... 
If suspended, pellets transport fine-grained inorganic se·diment. 
The average pelletal constituents for filter-·feeding organisms of the 
southern Atlantic and eastern Gulf of Mexico are 80 % to 90 % clay-
minerals, 5 % to 10 % undigested organic particles, and small amounts 
(5 % to 10 %) of quartz sand and silt (B{ryor, 1975). Oyster pellets 
conta.in between 70 % and 90 % inorganic grains (Haven. and Morales-Alamo, 
1966). 
The significance of pelletized sediment in the suspensate also 
varies widely. In the James Rivet, Virginia, pellets constitute only 
0.4 % .by ·weight of the near-bottom suspensate although they provid~ 19 % 
.• 
5 
' to 27 % by weight of suspensate in their size classes (Haven and 
Morales-Alamo, 1968). Pellets in the Minas Basin, Bay of Fundy, survive 
at least one tidal cycle and are readily transported on the flooding 
tides (Risk and Moffat, 1977). Carney (1982) observed large sheets of 
pelletized sediment being deposited on the beaches south of Stone 
Harbor. 
Description of The Study Area 
The study area near Stone Harbor, New Jersey is depicted in 
Figure 1. Great Sound, a shallow lagoon (average depth O. 6 m), is 
located behind the barrier island, and_ is surrounded by a Spartina salt-
marsh, d.issected by numerous tidal channels. Great Sound covers an area 
about 5 km2 (Young, et al, 1986). Two nearby inlets, Hereford to the 
south and Townsend to the north, connect Great Sound to the ocean. The 
water in the Sound has r_elative~y high salinity, (25 °/00 to 32 °/00 ; 
> 
Royer, 1980), due to the lack of fresh water sources (Kran, 1974) and 
the constant tidal flushing. 
The Intrac.oastal Waterway follows Great C·hannel, crosses the 
eastern half of Great Sound and continues north in Ingram Thorofare. 
Th-e Waterway is dredged periodically to maintain a deep channel for 
boats. Dredging in the In_tr·acoastal Waterway probably enhances the 
effect of tidal Cw and sediment movement by providing a deep channel 
( 8-20 ft) for incoming ·water·. However, models of flow in the Great 
Sound tidal system indicate that due to the opposing flow into the Sound 
from Great Channel and Ingram Thorof are, the presence and depth of the 
Waterway does not significantly alter the overall flushing_ 
characteristics ~f Great Sound (Schuepfer, et al, 1985). 
6 
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Tidal Flow and Suspended Sediment Description 
Principal access for seawater to the back-barrier • • region 1s 
through Great Channel and Ingram Thorofare (Schuepfer, et al, 1985). 
Bottom sediment trace metal ~tudies indicate the dominant sediment 
I 
transport route into Great Sound is along Great Channel- from Hereford 
Inlet (Hall and Nadeau, 1986). 
Tidal flow is the dominant sedimen.t transport mechanism during 
normal flow conditions (Kran, 1974; Young, et al, 1986). Storm- and 
' 
spring-tide currents, as well as win9--waves, encourage active erosion of 
bottom sediments (Kran, 1974) and uniform mixing of, suspensate in the 
Channel (Carney, 1982). 
The suspended sediments consist of single mineral grains and two 
types of aggregates: organic-mineral aggregates and fecal pellets 
(Ca.rney, 1982). Although single mineral grains. are present in all size 
.. 
ranges from medium sllt to fine sand, the- dominant p-opulation of single 
grains consists o;f fine sand-sized quartz. The fine sand grains are· ~: 
alternately susp.ended during maximum flow and depo_sited during slack 
water. 
Organic-mineral aggregates, with settling velocities equivalent to 
I 
\ 
quartz spheres 22 um. _ diameter and finer ( in a saltwater solution at 
40 ° / 00 ) , are made up of medium silt and ~lay- sized mineral particles 
loosel·y bound w:i,.th organic material. Organic-mineral aggregates ra-nge 
in actual • size up to 150 um but are generally less than 60 um in 
diameter. Organic-mineral aggregates remain in suspension over the 
entire' tidal cycle. Several studies suggest that fecal pellets 
8 
' disaggregate into l~sely packed, mucus-bound, organic aggregates (Risk 
-----
and Moffat, 1977; Taghon, et al, 1984; Nowell, et al, 1981). 
Biota of Great Sound 
Twenty-nine of the thirty-nine taxa cbllected, and seven of the 
ten dominant taxa of benthic invertebrates in Great Sound are polychaete 
worms. (Royer, 1980). Surface anq. subsurface deposit feed:Lng polychaetes 
(28 taxa) dominate over filter feeding polychaetes (1 taxon). Deposit 
feeders adapt well to th·e highly organic, fluid, silty-clay sediment of 
the Sound (Royer, 1980). Polychaete worm tubes were recovered both from 
the bottom of Great Sound (Thorbjarnar·son, et al, 1985) and from Great 
Channel (Carney, 1982). 
Polychaete worms have a wide variety of feeding habits that 
produce pellets, thus making it difficult to constrain the ultimate 
origins of pellets (D. Royer, pers. comm.) . For example, the most 
abundant polychaete, Streblospio benedicti, is a sedentary tube dweller, 
selecting and ingesting accessible food particles, and depositing the 
pellets produced near its tube. Other worms leav.e pellets on the 
sediment surface, ·burrow into the sediment, or feed exclusively upon 
pellets produced by other worms (Fauchald and Jumars ,. 1979). 
Other important pell.et-producing ·spe·cies include oligo·~haetes, 
amphipods, and pelecypods (Royer, 1980) . Pelecypods live on the sand 
flats in the central area of the ·Sound (Royer, 1980). Planktonic 
copepods are also abundant. 
Approach to the Problem 
This· research required collection of suspensate samples and then 
fractionatio.n and characterizion of the sediment. Suspended sediment 
9 
was collected 'from a representative locatiQn 'in Great Channel south of 
Great Sound (Figure 1). Near-bottom suspended sediment samples were 
collected during about two weeks over all tidal stages. Due to sample 
processing time limitations this study did not investigate daily 
sediment flux. 
_J 
Settling velocity was used to fractionate each suspensate sample 
and, indirectly, to separate the two aggregates: slower-settling 
organic-mineral aggregates from faster-settling fecal pellets. Each of 
the settling velocity fractions in the pellet • size range was 
electronically sized, first in its "natural" aggregated state and then 
• 
disaggregated with organic material removed. The sediment contribution 
by aggregates and non-aggregates was determined for each fraction by 
sieving, drying, and weighing the disaggregated inorganic sedi_ment. 
Overlays of the two size distributions of each fraction provide 
detailed inforJ;Ilation about the sediment components: 
and the aggregated and disaggregated aggregates. 
the single grains, 
The aggregate 
densities were estimated using the modal sizes and settling velocity 
equations .. 
_: 11, 
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METHODS 
------------------~~-------~~-------------------------------------------
.,. 
Data Collection 
Suspensate samples were collected in Great Channel in the 
Intracoastal Waterway channel east of Buoy 34 (Figure 2). This site is 
south of the co.nfluence of the two southern outlets from Great Sound. 
The channel at this point ra.nged in depth from about 5. 5 m to 7. 0 m 
(18 ft to 23 ft) during sampling due to tidal variations, (spring tidal 
range is l.5 m; Kran, 197·4; Young, et al, 1986). 
The mixed diurnal tidal cycle at Stone Harbor has a period 
averaging 24 hours 50 minutes (Carney, 1982). Due to the time required 
' to process sampl.es, one sample per day was collected. By sampling at 
the same time daily, each subsequent sample was collected 50 minutes 
earlier in the tidal cycle relative to the pr-evious sample. Eleven 
samples from all tidal stages were collected (beginning near high tide 
and ending near high tide) ove·r a sixtee.n day period and a twelfth 
supplemental sample was collected one week later (Appendix A). Although 
depth soundings roughly indicated relative tidal stage for each sample, 
the cho;i.ce of an exact position in the tidal cycle is arbit.rary. 
Near-bottom suspended sediment samples were coilected in an. Alpha 
horizontal sample bottle attached t.o a weighted frame. The frame both 
oriented the bottle parallel to flow and hel·d the sampler 30 cm above 
the bottom. The bottle was allowed to flush before closing. Upon 
retrieval the sample was transported back to the Wetlands Institute 
(Figure 1) for processing. 
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Sample Processing 
A. sectioned settling tube (Figure 3; Carney, 1982) fractionated 
the suspended sediment samples. The tube, whose sections were isolated 
by movable plastic gate valves (Figure 4), was disassembled for detailed 
. 
study of the sediment in individual fractions. Carney (1982) calibrated 
the tube and demonstrated the effectiveness of this method to study 
suspended sediment samples. 
The transition between the organic-mineral aggregate and fecal 
pellet populations occurs at settling velocities equivalent to the 
settling of 15-22 um diameter quartz spheres (Carney, 1982). Since the 
subject of the current research was fecal pellets, detailed observations 
were made of the transition size and coarser sediments, 16 to > 88 um 
(equiv. diam.) (Figure 5). I 
The settling medium was artificial seawater ("i_nstant ocean"). 
The solution was p.repared with salinity near 40 ° / 00 and fi.lter.ed to 
re;move particles coarser than 0.5 um. The high salinity of the solution 
kept convec.tive mixing to a minimum (Carney, 1982) when the upper gate 
valve was opened to introduce the sample. 
To. fractionate a sample, the settling tube was assembled with all 
gate valves open. The "instant ocean" was poured .into the tube, mixed 
thoroughly, and the salinity and temperature were measured. The upper 
gate valve was then .close·d and -the sample was poured into the top of the 
tube. 
sample. 
The sample height was measured to calculate the vol-ume of the 
Using the salinity, temperature, and sample height (Appendix 
B)' and the Gibbs, et al (1971) empirical settling velocity 
13 
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FIGURE 3: Photograph of sectio~ed settling tube (assembled) (after Carney, 1982). 
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FIGURE 4: Detailed view of gate valve assembly, showing halfway open gate valve. 
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Gate Valve 
Equivalent Diameter 
f 
I 6 um 6.0 
25 um 5.3 ~ 
31 um 5.0 ~ 
44 um 4.5 ¢ 
63 um 4.0 ¢ 
88 um 3.5 ~ 
( 
FIGURE 5: Tube sections, gate valves, and computed equivalent diameters 
at valve . 
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~quation (Appendix C), the ;settling times of the desired settling 
fractions were computed. 
Just before fractionation, the sample was gently agitated to 
distribute the sediment. The sediment was introduced to the settling 
column by pulling open the upper gate valve and a timer was started. 
Individual fractions were isolated from the bottom up by closing the. 
gate valves at the times calculated previously. After closing all gate 
valves, the tube was disassembled from the top down and the contents of 
each fraction were siphoned into containers. At this point, each 
container held single minaral grains, the equivalent settling velocity 
aggregates, the settling medium, and small amounts of organic and 
inorganic debris (ie. organisms, plastic fibers, sticks, etc). 
Sediment Size Analysis 
Size analyses were performed using a Particle Data Electrozone 
rf!'• 
Electronic Particle- Size Analy.zer or 'Elzone' (Muerdter, et· al, .1981; 
I 
Walker, et al, 1974; Kelley, 1981; Schiebe, et al, 1983)~. This method 
of analysis determines particle equivalent volumes. A mic·rocomputer 
tabulates the diameters of the equivalent volumes traveling through a 
precisely-sized orifice. Due to the wide range of particles sized, each 
siz·e analysis required use of three different size orifices (38 um, 
150 um, and 300 um) . Aft~r math~matically blending the three size 
distributions, the final diameter/volume-frequency distribution extended 
from 1-1 .. 5 um to 200-250· um. 
Size distributions of the fractionate.d sediment were determined 1 
day to 12 months after collection (Appendix D)., with the majority being 
analyzed within one week of collection. The sediment in each of the six 
17 
fractions studied (Figure 5) was sized and then recovered after 
analysis. After the initial analysis the sediment was treated with a 
small· amount (< 10 ml) of sodium hypochlori-te solution (Chlorox) to 
retard microorganism growth. 
Following the initial sizing of aggregated sediment, • organic 
material in each fraction was oxidized by adding 30 % hydrogen peroxide, 
buffered with ammonium hydroxide to a pH of 7 - 8. The samples were 
heated at 60° C until the peroxide degraded (usually 12-18 hrs). The 
inorganic sediment was then ultrasonically disaggregated for 20 to 40 
'I 
minute-s, to reach a "terminal" size distribution (Nelsen, 1983), 
resized, 
Sediment 
and recovered. 
Weight-Proportion Determination 
The weights of the two components in a fraction (single mineral 
grains and equivalent settling velocity aggregates) were roughly 
determined b_y sieving the disaggregated inorganic' sediment. Single 
mineral grains remained unaffected by oxidation and disaggregation while 
the inorgani.c component grains of the fecal pellets were liberated by· 
the treatment. Since pellet constituent grains were finer than the 
single mineral grains, the single grains and pellet const.ituents were 
"' 
separated with a mesh slightly finer than the single grains. The 
resulting two weight fractions were rinsed onto 0.4 um Nuclepore 
filters, desalinated, drie·d, and weighed. Table 1 indicates the mesh 
sizes chosen to s.eparate the two fractions. After determination, the 
weight values were normalized to concentrations by dividing by the daily 
·sample vo·lumes. 
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Table 1. Nitex fabric mesh sizes vs. settling fraction. 
Fraction Nitex Mesh Size 
16-25 um 10 um 
25-31 um 15 um 
31-44 um 25 um 
44-63 um 33 um 
63-88 um 44 um 
> 88 um 63 um 
. Organic-mineral agglomerates dominated the material in the finer 
than 16 um equiv. diam. fraction. Medium-silt and finer single mineral 
.( 
grains are also found below 16 um equiv. diam. (Carney, 1982). The 
proportion of sediment finer than 16 urn equiv. diam. settling as single 
grains and as aggregates was not determined. 
organic-mineral aggregates, was reported. 
One weight, that of 
Most aggregates in the 16..;25 um (equiv. cliam.) "transition" 
frAction were spherical fec~l pellets, though organic-mineral.Laggregates-
.,.· 
were also present. Un:fortunately, the disaggregated grains froin both 
aggregate types in this fraction could not be separated entirel·y from 
the equivalent settling velocity single mineral grains. The single 
mineral grains and the constituent grains of the small aggregates had 
roughly the same size (a-bout 18 um). 
Since the transition between pellets and organic-mineral 
aggregates was arbitrary, .material finer than 10 urn was assumed to 
represent the best m·inimum estimate of the contribution by fecal 
). 
pellets. Conversely, the single grain weight, augmented by single 
grains from aggregates, was an: overestimate of the true slngle mineral 
grain weight. 
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Size Data Reduction 
The aggregated • size distributions had a coarse bimodal curve 
comprised of the superimposed.modes of single mineral grains and pellets 
along with small amounts of broadly distributed fine material .(Figure 
6a). The corresponding disaggregated distribution had a unimo.dal curve 
(the same single grains), and a broad distribution of pellet 
constituents (Figure 6b). With ·only these two size distributions, the 
information available is limited; the aggregated distribution has two 
superimposed modes and the pellet constituent portion of the 
disaggregated distribution contains particles that existed before 
disaggregation. 
To determine the relative contributions by single mineral grains 
and fecal pellets, the two size distributions of each fraction ·were 
overlaid and subtracted from one another. Since an unknown volume of 
organic material was lost upon, oxidation and an unknown volume of 
sediment was present in sizes below the sensitivity of the Elzone, a 
scaling factor, a common mode height or area, was required to overlay 
the two distributions. The single grain mode was the b_asis for the 
scaling· factor. This mode was assumed to be the same size and width in .. 
the disaggregated distribution, where it is extractable, a$ it was in 
the aggregated distribution,. where it is superimposed with the fecal •, 
pellet mode. 
. , 
. .. A FORTRAN computer program, GAUSS (Appendix E), determin.ed the 
'best-fit' pair of normal curves to the bimodal curve from the 
aggregated distribution, using a computerized- graphical solution 
(outlined in Sin·clair, 1974)·. The values generated allowed scaling of 
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Aggregated F ecol Pellets 
a. 
Single Mineral Grains-.... 
I 2 4 8 16 32 64 128 
Single Mineral Grains~ 
b. 
< Pellet Constituents > 
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I 
I 2 4 8 16 32 64 128 
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FIGURE 6: Size distributions, from the 44-63 um equiv. diam. fraction, 
day A. 
a) Aggregated ("Natural") size distribution. 
b) Disaggregated (Inorganic) size distribution. 
NOTE: In this and su__qsequent size distributions, "Volume Percent" 
refers to volume percent per channel in the original Elzone.data 
file. 
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the disaggregated distribution, th~ subsequent overlay of both 
distributions, and extraction of the size distribution curves of single 
mineral grains, aggregated fecal pellets, and fecal pellet constituents. 
Density Determination 
Most fecal pellets observed were ellipsoids but, for modeling 
purpo-ses, pellets were treated as cylinders. Komar (1980) developed a 
semi-empirical equation, applia.able to fecal pellets, for the settling 
of circular cylinders. A form of this equation was used to calculate 
pellet densities "(Appendix F), from their me·asured modal diameters and 
settling velocities. 
22. 
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GROSS PELLET CHARACTERISTICS 
Pellet Shapes 
Fecal pellet shapes show a wide variety: spheres, cylinders, and 
''cigar" shaped ellipsoids (doubly tapered cylinders). Most pellets were 
ellipsoidal. Length:width ratios ranged from about 1.0 to 6.7. 
The smallest recognizable pellets were spherical (Figure 7a) and 
concentrated in the 16-25 um and 25-31 um (equiv. di·am.) fractions. 
Ellipsoidal and cylindrical pellets were found in coarser fractions 
(Figure 7b 8a, ~d 8,). The largest pellet measured was an ellipsoid, 
175 X 400 um, from a > 88 um (equ·iv. diam.) fraction. 
Pellet Hydrodynamics 
Fecal pellets were observed in fractions from 16 um to > 88 um 
equiv. diameter. Pell·ets settle as medium silt to f·ine sand grains. 
. ~ 
' Estimates of pellet settling velocities for typical seawater conditions 
in Great Channel are shown in Table 2. 
Table 2. Settling velocities of gate valve size fractions for 
Great Channel conditions. 
(Temperature= 16 °c, Salinity= 32 °/
00
, Density 
= 1.023 Mg/m3 , Vise.= 1.176 cpoise) 
Equiv. Diam. Settling Velocity (cm/s) 
16 um 1.9 X 10 -2 
25 um 4.7 X 10 -2 
31 um 7.2 X 10 -2 
44 um 1.4 X 10 -1 
63 um 2.8 X 10 -1 
88 um 5.3 X 10 -1 
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FIGURE 7: 
a) 
' 
I 
200 um 
I I 
200 um Photomicrographs of fractionated sediment. 
25-31 um equiv. diam. fraction, day B. Single mineral grains 
and spherical fecal pellets. 
b) 31-44 um equiv. diam. fraction, day B. Single mineral grains 
and a variety of fecal pellets. 
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FIGURE 8: Photomicrographs of fractionated sediment. 
500 um 
a) 44-63 um equiv. diam. fraction, day I. Single mineral grain 
and ellipsoidal fecal pellets. 
b) > 88 um equiv. diam. fraction, day H. Fine sand grains and 
fecal pellets. ~ 
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Pellet Durability 
Since the initial aggregated • size distributions were obtained 
after varying lengths of time, the question of pellet durability cturing 
handling arises. Fecal pellet durability is highly variable (Wanless, 
et al, 1981; Black, 1980; Small, et al, 1979; Risk and Moffat, 1977; 
Turner, 1977; Weibe, et al, 1976). Over 90 % of clam pellets from an 
estuarine environment survived eight days (Black, 1980). Pellets used 
in settling experiments are routinely stored, up to a month or more 
(Small, et al, 1979; Turner, ·1977; Johnson, 1974). Natural copepod 
fecal pellets showed no discernible effect on settling velocity after 
storage for 3-4 weeks (Small, et al, .1979). In this study, the 
photomicrographs of whole pellets included in this text were taken after 
six months of storage; clearly pellets from Great Channel can survive 
for even longer. 
Before interpreting· densities of pell~ts from Great Channel, the 
, 
effec-ts of storag·e on density were investigated. One fraction on day B 
(31-44 um equiv. diam.) was sized twice in its aggregated state: once 
immediately afte·r collection and again after storage for one month 
(Figure 9). The two bimodal size di:stributions were analyzed for 
density. 
During storage, pellets broke into material 4-5 um and finer, as 
shown by the appearance of sediment in those sizes (Fi.gure ·9a). There 
was a corresponding shift in the limbs of the bimodal ·curve towards 
coarser sizes (Figure 9b). Both bimodal · curves were well defined, 
however. The extracted pellet mode shifted from 56. 5 um to 59 .1 um, 
giving densities of 1. 83 and 1. 76 Mg/m3 , resp·ec·tively. 
(• 
' 
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FIGURE 9: Pellet Durability Test. Aggregated ("Natural") size , 
'distributions, 31-44 um eq. diam. fraction, day B. Solid lines indicate distribution run just after collection; dashed lines, 
run one month later. (Areas beneath curves in a) are equal; peak heights of curves in b) are equal.) 
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Student's t test at 95 % confidence, 1.83 was not significantly 
' 
different (t 1.81) from the pellet density • the 31-44 - mean 1n um eq. 
diam. fraction (Table 3) and 1.76 was different (t - 2.15) but only 
slightly, (tcrit = 2 .. 13). 
The assumption made from the test results was that the amoun2 of 
fine ;material in an aggregated distribution ·indicates the amount of 
pellet degradation. Fractions whose size distributions had little· very-
fine silt and clay probably underwent little -pellet degradation. Pellet 
densities were assumed to have remained stable within about ·o .1 Mg/m3 
during storage. Despite pellet breakage and the density shift, the 
densities computed for .degraded fractions were valid density estimates 
for the remaining pellets. 
Pellet Densities 
Of the twenty-one fractions analyzed for density, ninet~en of the 
bimodal curves separated into two normal components (single mineral 
grains and aggregated fecal pellets) whose modal sizes generated 
meaningful densities (Appendix G). The two rejected fr-actions had 
problems with extracting and overl~ying the distributions. Since the 
density data were few, and densities from degraded fractions did not 
differ substantially from those without .appa-rent pellet degradation., all 
densities were considered together. 
' 
The _niniteen pellet densitie.s range from 1.·74 tb 1. 88 (Appendix G) 
and the mean densities for the v~rious settling velocity fractions from 
2:5 um to 88 um range from 1. 77 to 1. 82 (Table 3}. 
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Table 3: Student t Values for Mean Density Comparison (to. next larger fraction). 
Equivalent 
Size 
Fraction 
25 - 31 um 
31 - 44 um 
44 - 63 um 
63 - 88 um 
n mean 
5 1.77 
5 1.80 
6 1.82 
3 1.82 
.. 
s t t crit 5% 
0.0259 6.7 E-4 
-2.59 2.13 
0.0396 l.57E-3 
-0.96 :2 .13 
0.0468 2.l~E-3 
-0.24 2.01 
0.0361 1.3 E-4. 
Using a two-sample Student's t-test at the 95 % .confidence level (Table 
3), the mean density of the 25-31 um equiv. diam. fraction was 
significantly different from the 31-44. um equiv. diam. frac-tion. 
However, the mean density of the 31-44 urn equiv .. diam. fraction was not 
significantly different from the 44-q3 urn equiv. diam. fra·ction, nor was 
the 44-63 um equiv·. diam. fraction significantly different from the 63-
88 um equiv.· diam. fraction. 
Although mean pellet densities do not differ substantially, pelle·t 
densities, for the frattions of a single day, increase with increasing 
settling velocity. The trend is shown in the fractions of days B, C, E, 
and K (Appendix G). In addition, on days Band C, pellets of the 63-
88 um equiv. diam. fraction show a decre·ase in density relative to the 
44-63 um equiv. diam. fraction. The decrease may be a result of too few 
data rathe-r than aconsistent pattern, as the pellet density increases 
in the 63-88 urn equiv. diam. fractio-n on day A. 
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Fecal Pellet and Organic-Mineral Aggregate Density 
Carney (1982) estimated modal sizes of, and calculated average 
.. 
densities for, the organic-mineral aggregates ·in Great Channel using the 
Gibbs, et al (1971) equation. Organic-mineral aggregate density 
increases consistently (from 1.07 to 1.54) with increasing size (Carson, 
et al, submitted). The computed mean density for aggregates in the 
''transition" fraction (13-22 um equiv. diam.) was 1.54. In the current 
study the pellet density in the adjacent subsection, (25-33 urn equiv. 
diam.) was 1.77. The large disparity in density (0.23 Mg/m3) between 
organic-mineral aggregates and fecal pellets may be an artifact of the 
equations used for modeling settling and computing density. Carney's 
(1982) spherical modeling of organic-mineral aggregates used the Gibb~, 
et al, (1971) equation and this study's cylindrical modeling of pellets 
used the Komar (1980) • equation. However, if these equations generate 
accurate densities of aggregates, th·e differenc·e in density suggests 
that direct fragmentation of pellets does not ge.nerate substantial 
amounts of organic-mineral aggregates. 
Althou.gh the density data suggest that fecal pellets· do not 
directly generate organic-mineral aggregates, organic-mineral aggregate 
and de-graded 'pellet material are visually similar (Carney, 1982). 
Fragmented pellets must play a role in the further recycling of organic 
materipl in the suspensate, since fecal pel.lets and organi.c-mineral 
aggregates are both highly nutritious food sources (Johnson, 1974). 
Fecal pellets and organic-mineral aggregates may both be part of a 
con.tinuous process of recycling organic material, if the density and 
texture of pelletized sediment change upon disintegration. 
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In addition, pseudofeces, sediment that • organisms have sorted, 
manipulated, and bourtd but not ingested (Rhoads and Boyer, 1982), may 
provide substantial material to organic-mineral aggregates. Benthic and 
planktonic organisms generate eight to ten times more pseudofeces than 
pellets (Nowell, et al, 1981; Black, 1980; Rhoads, 1963; Risk and 
Moffat, 1977; Rhoads and Boyer, 1982), but at present their contribution 
to the suspensate is unknown. 
' 
Great Channel Pellet and Other Fecal Pellet Densities 
Fecal pellet density depends upon a combination of both the diet 
of the organism and the compaction of the pellets produced (Small, et 
al, 1979·; Fowler and Small, 1972). The observed high fecal pellet 
densities may occur for a variety of· reasons. Organisms may possess a 
greater ability than a non-biological process, such as flocculation, to 
aggregate dense material. Single mineral • grains in shallow marine 
environments are frequ~ntly encrusted with • organic matter (Johnson, 
1974), and there may be nutritional incentives for organisms to ingest 
silt and fine sand. In addition, some deposit feeders .have intestinal 
musculatures that selectively move particles through their gut (Self and 
Juma.rs, 1978), possibly alte·ring the constituents of their pellets. To 
generate large pellets that are denser than small pellets, larger worms 
may "actively pack" pell.et constituents more readily or compactly than 
smaller worms. 
Few measurements of natural fecal pellet density are available. 
u.sing fluid density gradient techniques Taghon, et al (1984) obtained 
precise densities (between 1. 086 and· 1. 282 Mg/m3) for pellets of a 
deposit feeding polychaete. The pellets studied were an order 1··of 
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magnitude larger than those collected from Great Channel and thus are 
probably not representative of all polychaete pellets. 
. . 
· Komar, et al, (1981) analyzed previously reported pellet data to 
estimate pellet densities. The computed densities, similar in range to 
those of Taghon, et al (1984), were from 1. 06 to l. 49 Mg/m3 wit]1 a mean 
of 1.22 Mg/m3 . Komar, et al, (198.1) note that their data relate to 
planktonic copepod pellets which may contain a large proportion of low 
density particles. 
More appropriate data for comparing to· the current study, come 
from studies by Risk and Moffat (1977) and Smayda (1969, 1971). The 
fecal pellets in these three studies are similar in size, shape, and 
environment to those from Great Channel. 
Risk and Moffat (1977) estimated. a bulk d~nsity of 1. 68 Mg/m3 for 
pellets produced by clams in the intertidal regionrof the Minas Basin, 
Bay of Fundy. . Smayda (1969) experimented with pellets, of possible 
bertthic • • or1.g1n, from Narragansett Bay, Rhode I~land. Smayda (1971} 
collected copepods and compared the settling velocities of their pellets 
produced on a laboratory diet to natural pellets. 
To c·ompare to the densities in_ the current study, densities were 
computed for the pellets in Smayda's 1969 and 1971 studies, again using 
the modified Komar (1980) equation (Appendix F). All computed densities 
are displayed in Figure 10. The densities from Smayda's 1969 data range 
3 from 1.21 to 1.68 Mg/m . The densities of Smayda's 1971 data range from 
1.49 to 2.46 Mg/m3 . The pellets from Great Channel (1.74 to 1.88 Mg/m3) 
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FIGURE 10: Comparison. of computed pellet densities. 
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are denser than those from Smayda (1969) and many of those from Smayda 
(1971) but are found in a similar range. 
CLASSIFICATION OF THE SUSPENSATE DATA 
Suspensate concentrations in Great Channel depend upon factors 
that include: tidal current velocity, recent weather conditions, wind 
and waves, brief events of high bottom stress ( "burst sweep" events; 
-Gordon, 1975), and boat disturbance. Since precise tidal stage data 
were not determine··d and there were ~dditional weather-related factors, 
the data collected were first divided into two broad groups, based upon 
... observations of the weather conditions during collection (Appendix A): 
1. Fair Weather Conditions: (Defined as: conditions where tidal 
currents dominated flow in the Channel; Figures 11, 
12, and 13). 
Sampling days under these conditions include: 
A~ B, C, E, F, (K). 
(K) shows size distributions inconsistent with fair weather 
conditions. 
2. Wind/Wave Conditions: (Defined as: conditions where flow 
turbulence in the Channel is inferred to result from 
wind, rain, waves, and/or tidal flow; Figures 15, 16, 
and 17). 
S-ampling days under these conditions include: 
D, G, H, J, (M) . 
(M) s·hows weight profiles inconsistent with turbulent 
conditions. 
T-he s·ize analyses and weight data from days I and L are 
unusable and a:re excluded from presentation . 
. :t,' 
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INORGANIC SEDIMENT CONCENTRATIONS VERSUS SEDIMENT TYPE 
Fair Weather Conditions 
The total inorganic sediment concentrations during fair weather 
conditions ranged from 9.7 to 27.4 mg/1 (Figures 11, 12, and 13) with a 
median of 20.8 mg/1. Small populations of both pellets (12.9 %-22.2 % 
by weight) and single mineral grains (11.0 %-15.7 % by weight) rema~ned 
in suspension in Great Channel throughout the tidal- cycle during all 
fair weather days sampled. Organic-m:i.neral aggregates {fraction finer 
than 16 um equiv. diam.) dominated all fair weather conditions (63.0 %-
72.9 % by weight). 
The average distribution (by weight) of pellets, single mineral 
grains, and organic-mineral aggregates for fair weather conditions (days 
A, B, C, and E) is shown in Figure 14. During fair weather conditions, 
pelletized sediment provides an average of 19 % (by weight) the near;_ 
bottom suspensate. Single mineral .grains (coarser than 16 um equiv. 
diam.) provide less, averaging 13 % (by weight). Organic-mineral 
aggregates provide most sediment, an average of 69 % (by weight.). 
Wind/Wave (Turbulent) Conditions 
The total inorganic sediment concentrations during wind/wave 
• 
conditions ranged from 15.9 to 35.8 mg/1 (Figures 15, 16, and 17). 
Samples with the two highest sediment concent;rations, 35. 8 an·d 32. 7 mg/1 
(days H and J), were collected during turbulent flow conditions. 
However, the total suspensate con.centrations ·were not always high in 
sa~ples with high individual fraction concentrations (days D and G; 
Figure 15). 
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Sediment Concentration (mg/I) 
Eq. Diam. 
16 um 
• 
25 um 
31 um 
44 um 
63 um 
88 um 
10 
OMAs: 65. I % SGs: 12.7 % 
Total lnorgani.c Sediment Cone.: 
B 
10 5 0 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
OMAs= 72.9 % SGs: 11.0% 
Total Inorganic Sediment Cone.= 
FPs: 2 2. 2 °/o 
20.8 mg/I 
5 
FPs= I 6. I %·' 
23.0 mg/I 
10 
FIGURE 11: FAIR WEATHER CONDITIONS (Days A and B); Inorganic suspensate 
weight distribution versus settling fraction. 
NOTE: Cross-hatching indicates organic-mineral aggregates (OMAs). 
Diagonal patt~rn on the left indicates single mineral grains 
(SGs). Diagonal pattern on the right indicates fecal pellets 
(FPs). 
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C Sediment Concentration (mg/I) 
10 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
BB um 
OMAs= 7 1.0 % SGs: I 0.6 % 
Total Inorganic Sediment Cone.= 
E 
10 0 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
OMAs= 65.5 % SGs: I 5. 7 % 
Total Inorganic Sediment Cone.: 
5 
FPs: I 8.4 % 
27.4 mg/I 
5 
FPs= I 8.8 % 
9. 7 mg/I 
FIGURE 12: FAIR WEATHER CONDITIONS (Days C and E); Inorganic suspensate 
weight distribution versus settling fraction. 
NOTE: Cross-hatching indicates OMAs. Diagonal pattern on the left 
indicates . SGs. Diag·onal pattern on the right indicates FPs. 
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F Sediment Concentration {mg/I) 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
OMAs= n.a. 
0 
no data 
no data 
SGs: n.a. 
Total Inorganic Sediment Cone.: 
* minimum estimate 
K 
0 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
5 
FPs= n.a. 
I 5.3* mg/I 
5 
OMAs= 63.3 % SGs: 12.4 % FPs= 12.9 % 
.Total Inorganic Sediment Cone.= I 2.9 mg/I 
FIGURE 13: FAIR WEATHER CONDITIONS (Days F and K); Inorganic suspensate 
weight distribution versus settling fraction. 
NOTE: Cross-hatching indicates OMAs. Diagonal pattern on the left 
indicates SGs .. Diagonal p.at·tern on the right ,indicates FPs. 
38 
.. , 
10 
10 
50 % 
Eq. Diam . 
. 16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
40 
Sediment Weight 
30 20 10 0 
OMAs= 68.6 % SGs= I 2.5 % 
(Percent) 
10 20 30 
FPs= I 8.9 % 
50 % 40 
~ FIGURE 14: FAIR WEATHER CONDITIONS (Days ~A,~ C, and E) ; Average 
distribution of weight (by percent) versus settling fraction. 
NOTE: Cross hatching indicates organic-mineral aggregates (OMAs). 
Diagonal pattern on the left indicates single mineral grains (SGs_). Diagonal pattern on the right indicates fec&l pellets (FPs). 
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D Sedi"ment Concentration (mg/J) 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
OMAs= 26.9 % SGs= 47.9 % 
Total Inorganic Sediment Cone.= 
G 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
10 
no data 
no data 
5 
FPs= 25.2 % 
I 5.9 mg/I 
OMAs= n.a. SGs= n.a. FPs= n.a. 
Total Inorganic Sediment Cone.= 
* minimum estimate 
19.2*mg/l 
Figure 15: WIND/WAVE CONDITIONS (Days D and G); Inorganic stJspensate 
weight distribution versus settling fraction. 
NOTE: Cross-hatching indicates Organic-Mineral Aggregates (OMAs). 
Diagonal pattern ·on the left indicates Single Mineral Grains (SGs). Diagonal pattern on the right indicates Fecal Pellets (FPs). 
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H Sediment Concentration (mg/I) 
16 um 
25 um 
3! um 
44 um 
63 um 
88 um 
0 
OMAs= 6 2. 7 % SGs: 2 9.6 % 
Total Inorganic Sediment Cone.= 
J 
10 
Eq. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
OMAs= 2 7. 3 °/o SGs: I 9.0 % 
Total Inorganic Sediment Cone.: 
FPs= 7.7 % 
35.8 mg/I 
FPs= 53. 7 % 
32.7 mg/I 
Figure 16: WIND/WAVE CONDITIONS (Days H and J) .; Inorganic suspensate 
weight ·distribution versus settling fraction. 
NOTE: -Cross-hatching indicates OMAs. Diagonal. pattern on the left 
indicates SGs. Diagonal pattern on the right indicates FPs. 
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M Sediment Concentration (mg/I) 
16 um 
no 25 um data 
31 um 
44 um 
63 um 
88 um 
OMAs: n.a. SGs: n.a. 
Total Inorganic Sediment Cone.= 
* minimum estimate 
FPs= n.a. 
22.9* mg/I 
Figure 17: WIND/WAVE CONDITIONS {Day M); Inorganic suspensate weight distribution versus settling fraction. 
NOTE: Cross_-hatching indicates OMAs. Diagonal pattern on the left 
indicates SGs. Diagonal pattern on the right indicates FPs. 
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The individual fraction concentration pattern changed dramatically 
in the wind/wave dominated samples. Narrow settling velocity ranges, 1 
to 3 size fractions per sample, contained as much as an order of 
magn'itude more sediment than during fair weather conditions (25-31 um 
eq. diam. fraction of day D; 31-44 um eq.' diam. fraction of day G; 
> 88 um eq. diam. fraction of day H; and the three fractions 25 um 
through 63 um eq. diam. of day J; Figures 15 and 16). 
In the extreme case, day Jt (Figure 16), pellets provide 54 % by 
weight of the near- bottom suspensate, while single mineral grains and 
organic-mineral aggregates ( fraction finer than 16 um equiv. diam.) 
provide 19 % and 27 % , respectively. On day H (Figure 16), the 
suspensate was dominated by a large population of unimodal fine sand 
(120-160 um equiv. diam.), in the·> 88 um equiv. diam. fraction. 
PELLET CONSTITUENTS 
Although pellets contained both sediment and phytoplankton, most 
pell.ets examined contained inorganic and organic material (Figure 18). 
The largest inorganic particles in pellets were finer than about 65 um. 
The sensitivity of the Elzone apparatus limited the smallest pelletal 
particles sensed to those coarser than about 1 um (eq. diam.). Research 
by Kelley (1981) indicates that much of the suspended sediment near Cape 
~ay, N. J. ( offshore and in Delaware B.ay), that is drawn into Great 
Channel on flooding tides consists of clays finer than 0.5 um. Pellets 
may c.ontain appreciable amounts of clay finer than 1 um. 
Pellet Constituents During Fair Weather Conditions 
Fair weather condition pellets yield a broad spectrum of grain ... 
• sizes: ranging from clay to very fine-sand, wit.h variable proportions 
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100 um 
Figure 18: Photomicrograph of Pel l e t Constituents (after crushing pellet 
between two glass slides). Pellet was taken from the 63-88 um 
equiv. diam. fraction, Day B. 
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o·f particle .. sizes. Size distributions from day B show the range of 
pellet constituent size distributions (Figure 19). Pellets in the 31-
44 um equiv. diam. fraction distribution had more clay-size particles 
while the 63-88 um equiv. diam. fraction distribution had more silt-
sized particles.. The siltier pellet constituents in the 63-88 um equiv. 
diam. fraction may reflect the ability of larger organisms to ingest 
greater amounts of silt, although the pattern was not always observed. 
Most pellet constituent size distributions on other days sampled showed 
patterns ,_ranging as widely as the curves of day B. No consistent 
pattern_ in the day-to-day pellet constituents was observed. 
Pellet Constituents During Wind/Wave Conditions 
On two wind/wave (turbulent) flow condition days (G and J), 
pellets in the settling velocity fractions with h.igh sediment 
concentrations consist almost entirely of unimodal silt. Three adjacent 
fractions on day J, (Figure 20) show the -silt "signature" in the pellet 
constituents. The pellets that qominate the fractions from 25 to 88 um 
equiv. diam. on day J consist of unimodal fine to medium silt (approx. 6 
to 18 um). This pattern of unimodal silt constituents was also observed 
·~-
. in the 31-44 urn fraction on day G., and, less well de-fined, in the 25-
31 um fraction on day D. This pattern in the pellet constituents of 
frac·tions with high concentrations will be referred to as "silt-ric}1" 
pellets in further discussions. 
Inconsistent Patterns in the Data 
Given the fair weather pattern, (moderate to low concentrations 
and a broad r.ange of ·pellet consitituents in all fractions), and the 
wind/wave condition pattern, (one or more high sediment concentration 
45 
V 
\ 
' 
- .. l 
• ' 
100 um 
Figu re 18: Photomicrograph of Pellet Constituents (after crushing pellet 
between two glass slides). Pellet was taken from the 63-88 um 
e quiv . di a m. fraction, Day B. 
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of particle • sizes. Size distributions from day B show the range of 
pellet constituent size distribut-ions (Figure 19). Pellets in the 31-
44. um equiv. diam. fraction distribution had more clay-size particles 
while the 63-88 um equiv. diam. fraction distribution had more silt-
sized particles. The siltier pellet constituents in the 63-88 um equiv. 
diam. fraction may reflect the ability of l:irger organisms to ingest 
greater amounts of silt, although the pattern was not always observed. 
Most pellet constituent size distributions on other days sampled showed 
patterns k:ranging as widely as the curves of day B. No consistent 
pattern in the day-to-day pellet constituents was observed. 
Pellet Constituents During Wind/Wa~e Conditions 
On two wind/wave (turbulent) flow condition days (G and J), 
p·ellets in the~ settling velocity fractions with high sediment 
concentra.tions consist almost entirely· of unimodal silt. Three adjacent 
fractions on day J, (Figure 20) show the silt "signature" in the pellet 
constituents. The pellets that dominate the fractions from 25 to 88 um 
equiv. diam. on day J consist of unimodal fine to medium silt (approx. 6 
to 18 um). This pattern of unimodal silt constituents was also observed 
in the 31-44 um fraction on day G, and, less well defined, in the 25-
31 urn fraction on day D. This pattern in the pell~t constituents of 
fractions with high concentrations will b·e referred to as "silt-rich'' 
pellets in further discussions. 
Inconsistent Patterns in the Data 
Given the fair weather pattern, (moderate to low concentrations 
and a broad range of pellet consitituents in ~11 fractions), and the 
wind/wave condition pattern, (one or more high sediment concentration 
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fractions each containing pellets made up exclusively of silt), samples 
from two days ( days K and M) were anomalous. The silt-rich pellet 
signature was observed in one fraction each on days Kand M. 
The sample on day K was collected during fair.weather conditions, 
and has the expected low sediment concentrations (Figure 13), but the 
size distribution in the 63-88 um equiv. diam. fraction shows the silt-
rich pellet signature (Figure 21a). The sample on day M was collected 
during wind/wave conditions, and the silt-rich pellet signature • 1S 
' 
present in the 31-44 um equiv. diam. fraction, but the pellets occur in 
unexpectedly low concentrations (Figure 17). The unimodal s-ilt peaks in 
the distributions on days Kand M (Figure 21a) are less pronounced than 
that of the 31-44 um equiv. diam. ifraction on day q (Figure 21b). 
Silt-rich pellets are not always present in the nea-r-bottom 
suspensate. If silt-rich pellets require wind/wave induced turbule.nce 
to be entrained, then the presence of silt-rich pellets in Kand M has a 
variety of explanations. Clearing weather conditiorts (a return to 
tidally-dominated flow after a turbulent flow - event) could be 
responsible in the case of day K~ Day K coincided with a spring tide, 
which certainly resulted in increased (and possibly turbulent) flows. 
On day M, a storm approached during the morning of sampling, and the 
weather grew rougher be;ore and during sampling. Each of these two 
cases represents a situation where the main body of silt-rich pellets 
was not entrained but some were present in the suspensate. 
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Figure 20: Aggregated ("Natural") and disaggregated (Inorganic) size distributions of three, high-
suspensate concentration fractions, day J, fractions from 25 through 63 um equiv. diameter. 
Solid lines indicate aggregated distributions; ~shed lines indicate corresponding disaggregated 
distributions. Areas beneath all· curves are equal. 
fractions each containing pellets made up exclusively of silt), samples 
from two days ( days K and M) were anomalous . The silt-rich ~ellet 
signature was observed in one fraction each on days Kand M. 
The sample on day K was collected during fair weather conditions, 
and has the expected low sediment concentrations (Figure 13), but the 
size distribution in the 63-88 um equiv. diam. fraction shows the silt-
rich pellet signature (Figure 21a). The sample on day M was collected 
during wind/wave conditions, and the silt-rich pellet signature is 
p:resent in the 31-44 um equiv. diam. fraction, but the pellets occur in 
unexpectedly low c·oncentrations (Figure 17). The unimodal silt peaks in 
the distributions on days Kand M (Figure 21a) are less pronounced than 
that of the 31-44 um equiv. diam. fraction on day G (Figure 21b). 
Silt-rich pellets are not always present in the near-bottom 
suspensate. If silt-rich p.ellets require wind/wave induced turbulence 
to be entrained, then the presence of silt-rich pellets in Kand M has a 
variety of explanations. Clearing weather conditions (a return to 
tidally-dominated flow after a turbulent flow event) could be 
responsible ih the case of day K. Day K coincided with a spring tide, 
which certainly resulted in increased (and possibly turbulent) flv 
On day M, a stor~ approached during the morning of sampling, and the 
weather grew rougher before and during sampling. Each of these two 
Gases represents a situation where the. main body of sil.t-rich pellets 
.... was not entrained but some were present in the suspensate. 
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Figure 21: Disaggregated (Inorganic) size distributions of "Silt-Rich·" 
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Fecal Pellets. 
a) 31-44 um eq. diam. fraction, Day Mand 63-88 um equiv. 
diam. fraction, Day K. 
b) 31-44 um eq. diam. fraction, Day G. 
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Origin of Fair Weather Fecal Pellets 
The broad distribution of constituents ~in fair weather fecal 
pellets is not a signature readily traceable to a particular area in the 
Channel/Sound system. Despite their rapid settling (about an hour to 
the bottom of Great Channel for 44 um equiv. diam. pellets under typical 
seawater conditions; Table 2), pellets are present in fractions of 
suspensate during all fair weather conditions. Fecal ·pellets must be 
continuously generated and entrained within the Channel-Sound system. 
Origin of Silt Rich Fecal Pellets 
Substantial amounts of silt are available· to filter feeders over 
all tidal stages as single mineral grains in the suspensate finer than 
16 um, but silt-rich pellets are primarily associated with wind/wave 
. . 
conditions. In addition, the bottom sediments available in Great 
Channel (Sites F and H, Figure 22) and areas adjacent to the deep 
channels (Sites D and E, Figure 22), are almost exclusively fine-sand, 
making it unlikely that benthic • organisms in Great ·Channel could 
generate silt-rich pellets. Even if silt-rich pellets were produced 
continuously in, and bound to the bottom of, Great Channel they would be 
entrained easily by the high fl.ow velocity in Great Channel (up to 
11 m/s; Young, et al, 1986). 
A more likely so·urce of silt for .silt-rich pellets is in Great 
Sound where abundant silt is available to the benthic organisms (Sites 
A, B, C, and G, Figure 22). Flow velocities in the central area of 
Great Sound remain iow during the normal tidal cycle (1-5 c.m/s within 
25 cm of the bo~tom; Young, et al, 1986). Flume experiments on fecal 
·pellet entrainment indicate that pellets are not readily 
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Figure 22: Inorganic sediment size distributions of bottom grab samples. Silt-sized grains, of sizes similar to those in silt-rich fecal pellets, are indicated by cross-hatching. Dashed line indicates the Intracoastal Waterway. 
NOTE: All vertical axes are volume percent; all horizontal axes are equivalent diameter. 
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transported as bedload until flow velocities exceed critical entrainment 
(for cohesive sediments about 2 to 3 cm/s; Nowell, et al, 1981). 
Velocities near ~ritical entrainment cause suspended pellets to saltate 
(Nowell, et al, 1981) and probably abrade. The majority of pellets 
produced by organisms in fair weather conditions in Great Sound, then, 
would be deposited on, remain near, and disintegate near the site of 
generation. However, during storm conditions, wind generated waves, 
reaching heights of 18 inches (0.46 meters) in the shallow (0.6 m) Great 
Sound (Ashley and Grizzle, submitted) could assist in pellet 
entrainment. The increased flow veloci.ties during a storm would exceed 
easily the critical entrainment velocities for fecal pellets. 
Subsequently silt-.rich pellets are probably removed from Great Sound and 
transported into the major channels by ebb tidal flow. Even during 
normal ebb tidal flow, seawater leaving Grea·t Sound teaches Hereford 
Inlet (We.isman, R. and Lertnon, J. , pers .. comm.). 
'·-~ 
If silt-rich pellets 
were observed in Great Sound during fair weather conditions, it would 
greatly support this explanation of their periodic appearance in Great 
Channel during more turbulent conditions. 
An alternate explanation for the different constituent signatures 
in fecal pellets during enhanced wind/wave conditions is provided by 
researc·h from Taghon, et al, (1980}. In a flume study, under increasing 
flow velocities and higher particle fluxes, some polychaetes changed 
feeding strategies from deposit to suspension feeding. If the biota of 
the Sound/Channel comple~ react similarly, and if there is an add-itional 
change in particle selectivity or availability, the presence of silt in 
fecal pellets may,be a direct response to the suspensate concentrations 
52 
and variety of particles available during storms. This latter 
explanation accounts for the observation that the total amount of 
suspended sediment did not always rise when the silt-rich pellets were 
present. 
ROLE OF PELLETS IN INORGANIC SEDIMENT TRANSPORT 
Due to the random nature of weather effects and the lack of tidal 
stage data, the samples collected do not uniformly cover· both tidal 
stages and weather conditions. Most flood tide samples were collected 
during fair weather conditions and most ebb tide samples were collected 
during wind/wave conditions. Therefor·e, it cannot be determined by the 
results of this study whether pellet constituents during fair weather 
conditions differ over the entire tidal cycle. If pellets in the fair 
weather $Uspensate form in, and remain suspended over, the silt-poor 
Great Channel bottom, pellets may be uniformly silt-poor regardless of 
tidal stage. If pellets ebb from the silt-ri.ch areas of Great. Sound 
into Great Channel, pellets may export silt on the ebb tides. 
The results of this research confirm a complex pattern of 
inorganic suspensate movement in and out of the Great Sound/Great 
Channel system and the contributions .of fecal pellets to the suspensate. 
Most fecal pellets generated in Great Sound prob,ably disintegrate there 
without b·eing transported out of the Sound, while at the same time a 
small population of pellets is gsnerated, r~cycled, and transported in.~ 
,r11· Great Channel with tidal flow. Short-term storm events are responsible 
for the most dramatic movement of fecal pellets,· when pellets export 
silt-sized sediment from the Sound. 
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1. This research further supports the use of 
fractionation of suspensate samples and subsequent size and' 
I 
weight analyse.s for detailed study of suspensate types. IR 
particular_, overlay and subtraction procedures of aggregated 
and disaggregated • size distributions of fractionated 
sediment can yield detailed information on aggregated 
particles, their constituents, and their apparent densities. 
2. During fair weather conditions, a population of fecal pellets. is 
3. 
always • in . . suspension in Great Channel, making a small 
contribution (avg. 19 % by weight) to suspended sediment. 
Organic-mineral aggregates are the dominant suspended 
sediment type over all fair weather conditi.ons (avg. 68 % by 
weight). 
Fecal pellets collected dur.ing fair weather conditions 
transport a broad size range of inorganic sediment (1 um to 
65 um). 
1 .. ss· g/cm3 . 
' 
The pellets have dens.ities between 1. 74 and 
Pellet densities increase slightly with 
increasing settling velocity/size. 
4. During periods of maximum flow,. whether from maximum tidal flow 
or from wind/wave . ·induced turbulence, larger amounts of 
suspensate can be entrained. Two sediment populations move 
during wirtd/wave .conditions, a population ·of fine sand (day 
H) and a population of silt-rich pellets (days D, G, J, M 
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and K). Both populations are present in the suspensate in 
high concentrations over a narrow settling velocity range. 
5. The population of silt-rich pellets transported during wind/wave 
conditions consists, almost exclusively, of unimodal silt 
.grains (between 6 um and 18 um) . The silt "signature" was 
~ 
also observed in samples collected during conditions that 
were not as turbulent on the day of collectioh (days Kand 
M). 
6. Ordinarily, fair weather condition f~cal p·ellets probably are 
con.tinuously generated in and recyc·led in Great Channel. 
The population of silt-rich pellets probably originatas in 
Great Sound where. silt is readily available to the b.enthos . 
. Higher flow velocities during storms entrain and transport 
the pe.llets into the major channels. 
7. The results of,this research indicate that the state and movement 
of suspensate in th~ region near S·tone Harbor is comple.x. 
Short-term sediment influx and outflux may not adequately 
represent overall suspensate ~ovement in this region. Short 
duration, weather-induced, suspensate movement may play a 
significant role in the ultimate movement of sediment in and 
out of the back barrier tomplex near Stone Harbor. 
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Appendix A: Sample Collection Information 
TABLE 1: Sampling Dates and Times. 
++ . 
• 
Date 
A: Oct. 25,++ 
B: Oct. 26, 
C: Oct. 27, 
D: Oct. 30, 
E: Oct. 31; 
F: Nov. 1., 
G: Nov. 2 , 
H: Nov. 3, 
I: Nov. 4 
. ' 
J: Nov. 5, 
K: Nov. 9, 
M: Nov. 15, 
Sampling Time 
9:47- 9:59 am 
9:53-10:00 am 
10:00-10:07 am 
9:51- 9:58 am 
9 : 5 3 -10 :- 0 2 am 
9:51- 9:59 am 
9 .: 45 - 9 : 5 3 am 
10:05·10:10 am 
10:04-10:10 am 
9 : 3· 2 - 9 : 3 7 am 
10:06-10:15 am 
12:30-12:39 pm 
All samples collected Fall 1984 . 
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Appendix A (cont'd): Sample Collection Information 
Quantitative data on wind direction and intensity at nearby Cape May, N. J. during the sampling period, were ordered from the National Climatic Data Center, Asheville, N. Carolina, 28801, but did not arrive in time to be included in this thesis. These data are available at Dept. of Geology, Williams Hall #31, Lehigh Univ., Bethlehem, PA, 18015. 
Precipitation Records for Cape May, N. J., during the sampling period. (from NOAA Local Climatological Data, Oct-Nov 1984, v. 89, Nos. 10-11.) 
Day Precipitation (in inches) 
Oct. 24 .. 0.06 
25 Trace 
28 Trace 
29 1.30 
Nov. 4 0.02 
5 0.48 
11 0.29 
Sample Collection Observations and Measurements 
A: Thurs. Oct. 25, 1984 Near Slack High 
Samples: 9:47, 9:59, oriented in Flood direction. 
Air Temp.= 
Seawater Conductivity= 
Seawater Temp.= 
17.1° 
41.3 nunhos/cm 
17.5° 
Weathe.r: COLD! Hazy, a bit of chop ... Winds NE 5 knots or less. Sun out. 
B: Fri. Oct. 26, 1984 
Samples from 9: 53 (Bucket 17) , 9 :.5 7 (Top) , 10: 00 (Bottom. last) 
Depth: about 0.4 m (1 1; 2 ') shallower than 25th. j 
Seawater Condhctivity= 
Seawater Temp.= 
Sal·inity= 
41.5 mmhos/cm 
18.0° 
31. 8 01·00 
Weather: Overcast; No rain last night, unseasonably warm (today is cool) .... Winds S, 8 knots paired with tide. Flood Orientation. 
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C: Sat. Oct. 27, 1984 
Samples: 10:00 (Bottom), 10:06 (Top), 10:07 (Bottom #2) 
Depth: about 0.75m (2 1; 2 ft) shallower than 25th. 
Seawater Conductivity= 
Seawater Temp.= 
Salinity= 
41.9 (at 8-10 ft depth) 
18.3 ° 
32 oloo 
Weather: Today is Clear; Light wind from S, 1 knot. or less. 
No Swells or Ripples. 
D: Oct. 30, 1984 
Samples: 9:51 (Bucket 17), 9:58 (Top-Low .current velocity 
opposed by wind), 9:59 (Bottom). 
Depth: about 0.6 m (2 ft) shallower than 25th. 
Seawater Conductivity= 
Seawater Temp.= 
Salinity= 
42.4 (.35) 
19.5° C 
31.5 oloo 
Weather: Strong gusty winds (had rain lately). NE Winds 10 
knots. 
E: Oct. 31, 1984 --a Flood Tide 
Samples: 9:53, 10:02 Bottom ·1ast and Top. 
Depth: 1.0 m (3' 4") Shallower than 25th_ 
' \ 
Seawater Conductivity= 
Seawater Temp.= 
Salinity= 
41.7 mmhos/cm 
19.0 °c 
31.3 °; 00 
Weather: NNE winds--1 knot, no swells, sun is o.ut, clear 
• morning. 
F: Nov. 1, 1984 
Samples: 9:51 First, 9:56 Top, 9:59 Last Bottom. 
Depth: 6. 8 m ( 22' 3") depth ( roped out on deck) . 
Seawater Conductivity= 
Seawater Temp~= 
Salinity= 
41.3 mmhos/cm 
18. 5 ° C 
31 .. 3 °; 00 
(at 5 ') 
Weather: Sti~ff wind about 8 knots, NE; Surf ace ripples 1-
2". 
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G: Fri. Nov. 2, 1984 Slack Water 
Samples: 9:50 Top, 9:53 Bottom (Ebb Orient.), 10:05 (Half 
flood, half ebb orient.). 
Depth: about 5.5 m (18 ft). 
Seawater Conductivity= 
Seawater Temp.= 
Salinity= 
41.1 mmhos/cm 
18. 0 o C 
31. 4 °; 00 
(at 3') 
Weather: Choppy, Winds SW, gusty, 12-15 knots; Front moving 
through. 
H: Nov. 3, 1984 
Samples: 10:05 Bottom, 10:08 Top, 10:14 Bottom--last two, 
ebb orient. 
Depth: about 6. 5 m (21 ft 2 in) 
Location: Closer to buoy today. 
Seawater Conductivity~ 
Seawater Temp.= 
36.8 
12. 6 o C 
Salinity= 
Air Temp= 
31. 6 0 / 00 
9.6 ° C 
Weather: COLD--Clear; Front went through yesterday. Winds 
NW stiff at 8-12 knots. 
I: Nov. 4, 1984 
Samples: 10:04 Bottom (Ebb Orient.), 10:10 Top, 10:12 Last 
Bottom. 
J: 
Depth: about 6. 8 m (22' 3") 
ALGAL BLOOM? Plankton rich in water. 
Seawater Conductivity= 
Seawate.r Temp.= 
Salinity= 
Air Temp.= 13.8 
37.2- mmhos/cm 
13.0 o C 
31.8 oloo 
° C (14.2 ° C) in the 60's 
Weather: Clear, crisp, but not cold. Winds variable E to · 
NE, steady at 8-10 knot$. , Wind opposes flow to·day. 
~' Nov. 5, 1984 _ 
Samples: 9: 32 Top, 9: 37 Bottom 11 1. 
Depth: about 7 .1 m ( 23' 3 ") . 
1,:_, 
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Seawater Conductivity-
Seawater Temp.= 
Salinity= 
38.7 
15.0 o C 
31.7 °/00 
at 0.6 m depth 
Weather: Winds SW--Gusty, 8-14 knots, Choppy Water. Wind 
and Tide together pushing out. 
K: Nov. 9, 1984 (Full Moon) 
Samples: 10:06 Bottom, 10:14 Top, 10:15 Bottom. 
' Depth: about 7. 6 m (24' 10") 
Seawater Conductivity= 
Seawater Temp.= 
Salinity= 
37.2 mmhos/cm 
12.5 o C 
32.4 °/00 
Weather: Clear Day, 1 knot winds, NW/NE Variable. 
L: Last day, Nov. 15, 1984 
-
Samples 11:06 Top, 11:07 Bottom (Buc.ket 17), 11:13? Last 
Bottom. 
Seawater Conductivity= 
Seawater Temperature= 
Salinity= 
34.3 mrnhos/crn 
8.8 ° C 
32.6 °/00 
Weather: Winds SE Constant about 12 knots--pushing with the 
flood tide. Chop about 6-8". Yesterday had gusts of 
30 mi/hr. 
.. 
M: Last Sample of the Season-Sligh:tly Flood, Near HIGH 
Samples: 12:30 Top, 12:34 Bottom, 12:39 Last Sample. 
Depth: about 7. 6 m ( 24' 11") 
Seawater Conductivity= 
Seawater Temperature= 
Salinity= 
35.4 mrnhos/c.m 
10.1 ° C 
32.7 °; 00 
Weather: Winds s·tronger- -More chop; 1' swells. 
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APPENDIX B: Temperature, Salinity, and the Calculation of Density and 
Viscosity 
DENSITY 
The temperature and salinity were measured using a YSI S-C-T-type 
salinity, conductivity, and temperature meter. The density was 
calculated using a BASIC program based on the equation by Cox, et al, 
(1970) in Wilson (1975): 
for specific gravity (st) for 9 < s < 41 oloo' 
s = t (k * 10- 3) + 1 
where S= Salinity and t= Temperature • oc . 1n 
k - 8.009691 X 10- 2 ** + 5.88194 X 10- 2 + 0.7901864 s 
8.114654 X 1.0- 3 t2 3.253104 X 10- 3 s t 
+ 1.31708 X 10-4 s 2 + 4.76004 X 10- 5 t3 
+ 3.892875 X 10- 5 s t2 + 2. 8~715 X 1·0~ 6 s2 t 
- 6.118315 X 10- 8 s3 
** Note: The first exponent in Wilson (1975) is missing the ne-gative 
sign. After using the corrected Wilson equation to collect data, four 
other constants in the Wilson (1975) formula. were found to have 
typographical errors. The constants are listed below in their original 
form in Cox, et al, (1970) (corrected errors are ~mboldened in the 
underlined constants): 
8.00969062E-2 
-8.11465413E-3 
l.31710842E-4 
3.89187483E-5 
-6.11831499E-8 
5.88194023E-2 
-3.25310441E-3 
4.76600414E-5 
2.87971530E-6 
7.97018644E-1 
Af-ter using the incorrect values from Wilson (1975) the 
signif~cance of the deviation from Cox, et ~1, (1970) was checked. All 
recomp.uted densities were either o>.0003 or 0._0004 .higher than the 
original densities. Since further co~ations do hot use 4 significant 
figures, the densities are reported and used as originally computed. 
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Appendix B: Temperature-, Salinity, and the Calculation of Density and 
Viscosity (cont'd) 
VISCOSITY 
The viscosity of seawater was calculated with an equation from and . 
checked against tabled values from Riley and Skirrow (1975b, p. 618, 
after Millero (1974)): 
First, determine the viscosity of pure water (n
0
) at 
temperature t: 
log nt;n2o= (1.1709(20-t)- 0.001827.(t-20) 2) / (t+89.93) 
where n20. is the viscosity at 20 ° C (n20=1. 0020). 
With Fluid Density (Pf) and Salinity (S) ca·lculate Volume 
Chlorinity (Clv): 
S= 1.08655 * Cl 0 / 00 (Wilson, 1975) 
and 
• 
Clv= Cl 0 / 00 * Pf (Ri:ley & Skirrow, 1975) 
thus, 
C-lv= . 55354 * S * Pf 
Sea water viscosity (n) is calculated from the ratio: 
n 
-
-
-
Where A= 3.66 X 10-4 and 1.403 X 10- 3 at s 0 c and 2s 0 c 
respectively, and 
B= 2.756 X 10- 3 and 3 .. 416 X 10- 3 at s 0 c and 2s 0 c 
respectively. 
Values for A and B at temperatures between s 0 and 2s 0 · are 
obtained by linear extrapolation. 
( l · 
66 
f 
) 
Appendix C: Settling Experiment: 
Settling Equations 
Salinity and temperature were used to calculate the density and · 
viscosity of seawater using equations. by Cox, et al, (1970) and Millero 
(in Riley and Skirrow, 1975), respectively (Appendix B). Using the 
distance from the midpoint of the samp·le and the settling velocity of 
/ 
the desired size fractions, times for closing of each gate valve were 
computed. The settling velocities were computed with the Gibbs', et al, 
(1·971) empirical settiing velocity equation: 
-3n + J ~9n2 + gr2Pf (Ps-Pf) (0.015476 + 0.1984lr)) 
·w = - - - - - -· ·- - - .... - - - - - -. - - - - - - - ·- - - - ·-· -· - - - - - - - - - - - - - -· - - - - .. - - -s 
Where: 
Pf (0.011607 + 0.14881r) 
Ws - settling velocity in cm/s. 
n = fluid dynamic viscosity in poises. 
g - acceleration of gravity (980 cm/s 2). 
r - settling sphere radius in cm. 
Pf - fluid de:nsi ty in Mg/m3. 
Ps - sphere density in Mg/m3 (Quarti = 2.65). 
The Reynolds Number for the coarsest particles studied (88 um) for 
typical sea water conditi_ons (den·s·ity :(Pf)= 1.030 g/cm3 , Viscosity (n) = 
1.133 cpoise, Settling Velocity (W8 ) = 0.548 cm/s) was about 0.4. This 
value indicates settling conditions dominated· by viscous forces rather 
than irtertia1 forces (Komar, 1980). 
Settling Behavior is applicable. 
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Appendix C: Settling Experiment (cont'd): 
Table Cl: Settling Tube Data: Artificial Seawater Fluid 
Characteristics. 
D·ay Temp. (°C) Salin.( 0 / 00 ) Dens. (Mg/m3) Vise. (cp) 
A: 
B: 
C: 
D: 
E: 
F: 
G: 
H: 
I : 
J: 
K: 
M: 
17.3 
20.9 
. 
24.2 
20.0 
20.4 
18.6 
16.7 
12.9 
19.0 
18.7 
11.8 
15. 0 
39.9 
41.4 
40.3 
40.2 
40.8 
41.3 
40.0 
41.6 
39.9 
40.4 
37.2 
41.3 
1.0289 
1.0291 
1.0273 
1 .. 0284 
1.0288 
1.0296 
1.0312 
1.0285 
1.0289 
1.0281 
1.0305 
1.154·2 
1.0617 
0. 9831, 
1.0820 
1.0730 
1.1210 
1.1717 
1 .. 2953 
1.1074 
1.1165 
1.3242 
1 ... 2258 
Table C2: Settling Tube Data: Distance to Gate Valves·. 
Gate Valve Equiv. Diam. 
16 um 
25 um 
31 um 
44 um 
63 um 
88 um 
Distance (in cm) 
31. 3. 
48.4 
66.8 
85.7 
106.1 
126.9 
The column height was measured from the midpoint of the sample and 
thus varied'.slightly from day to day. 
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Appendix C Settling Experiment (cont'd): 
Table C3: Settling Tube Data (Sample Height and Volume) 
. 
' 
Day 
A: 
B: 
C: 
D: 
E: 
F: 
G: 
H: 
I: 
J: 
I<: 
M: 
Sam12le 
28.7 
28.8 
28.6 
29.7 
29.0 
29.0 
29.1 
28.9 
29.6 
29.5 
29.1 
28 9 
Height Sample Volume 
cm 4. 38 1 
cm 4.40 1 
cm 4.37 1 
cm 4.54 1 
cm 4.43 1 
cm 4.43 1 
cm 4.44 1 
cm 4.41 l 
cm 4. 52 1 
cm 4.50 1 
cm 4.44 1 
cm 4.41 1 
69 
,) 
~ 
\ 
! 
Appendix D: Delay Before First Size Analysis 
(I 
Table Dl: Chart of the delay in days (br months where indicated) 
between the day of collection and first aggregated size analysis. 
Settling Tube Section 
Day 4 5 6 7 
A: 0 2 ? 3 • 
'-',. J 
"'--·-·, B: 3 3 2 11 mos. 
C: 
E: 
F: 
H: 
18 
0 
17 
2 
20 
0 
8 
2 
. 
. , 12 mos. 
16 
12 
11 mos. 
2 
-
12 mos. 
Table D2: Subjective Determination of Pellet Breakdown (from 
appearance of fine material in aggregated 
Days 
A: 
B: 
C: 
E: 
F: 
H: 
K: 
distributions).** 
Settling tube fraction 7 
4 
1 
l 
3 
1 
3 
l 
5. 
0 
1 
3 
1 
2 
2 
6 
2 
l 
3 
2 
1 
3 
2 
7 
1 
3· 
3 
** Pelle~ Degradation was estimated on a scale Oto 3. Zero i" 
re.presents· no observed pellet degradation and three represents the 
largest amount of pellet degradation.· Fraction~ of rank 2 and 3, 
dis.cussed in the text, have significant change in pellet density, 
70 
i . 
I 
-\t 
Appendix E: GAUSS Computer Program 
Due to the length of the computer program GAUSS, only a brief 
summary of its procedures are explained below. For further information 
about GAUSS, please direct inquiries to\ the Dept. of Geological 
Sciences, Williams Hall, Lehigh Univ'., Bethlehem, PA, 18015. 
To obtain the modal size and width of the aggregated fecal pellet 
curve, the program GAUSS performs a normal curve regression on the 
" 
smoothed disaggregated single mineral grain peak (Figure El-b). 
Assuming the modal size and width are the same in the bimodal aggr·egated 
distribution, and • given th.e finer-sized mode, the comput·er program 
determines the modal size and width of the coarser (fecal pellet) mode 
.and the proportion of mixing of the two modes (a:) using the bimodal 
curve from the aggregated distribution (Figure El.-d). The program 
generates synthetic, bimodal distributions (Figure Ele) then evaluates 
their approximation of the original curve using a channe·l-by-channel Chi 
Square goodness-of-fit test statistic. The optimum mode and a: value are 
determined by locating a minimum Chi Sq.uare value (Figure El-f). 
The single grain mode height in the disaggregated distribu.tion is 
adjusted to the height of the properly proportioned (extracted) finer 
s1ized mode (i.e.. the proportion of mixing ( a: ) times the total area 
beneath the bimodal curve) (Figure E2-a). The two original size 
distributions, aggregated and (newly scaled) disaggregated, are then 
overlaid (Figure E2-b), subtracted from each .other, and the three 
components obtained: single mineral grains (Figure E2-c), aggregated 
fecal pellets, and fecal pellet constituents (Figure E2-d). 
( 
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.. 
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.Figure El: GAUSS Procedure. 
a) Disaggregated (Inorganic) size distribution. 
b) Single Mineral Grains mode (from a). Dashed line indicates 
extrapolated limbs. 
c) Aggregated ("Natural") size distribution. 
• 
d) Bimodal curve (from c). Dashed lines indicate extrapolated 
limbs. 
e) Cumulative frequency curve probability plot (from GAUSS). 
f) Bimodal curve with two scaled component curves. 
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Figure E2: GAUSS Proce·dure (cont'd) ,, 
a) Rescaling of disaggrega·ted size distribution to match scaled 
single grain component mode. 
b) Properly scaled overlay of aggregated and disaggregated size 
distributions and the sediment :types associated with the three 
areas of curve. 
. 
c) Extracted single mineral grain size distribution. 
d) Extracted disaggregated pellet constituents and aggregated 
fecal pellet mode. 
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Appendix F: Density Calculation 
Komar (1980) developed a semi-empirical equation for the settling 
of circular cylinders at low Reynolds numbers that is applicable to 
fecal pellet settling: 
Where: 
1 
0.0790 
n 
ws Settling Velocity • cm/s . - in 
Fluid Viscosity • • n - in poises. 
PS - Particle Density Mg/m3 . 
pf - Fluid Density Mg/m3 . 
g - Acceleration of Gravity (980 cm/s 2). 
L - Cylinder Long Axis Length in cm. 
D - Cylinder Width in cm·. 
Rea.rrang.ing the equation and solving for par~icle density 
(P) yields: s 
- - - - - - - - - - - - - - - - - + 
The settling velocity, W8 , was calculated us.ing the Gibbs' et al, 
(1971) equation (Appendix C), oh the 'observed single mineral grain mode 
in each s.ubsarnple. 
same velocity. 
Fecal pe.llets in the same subsample must have the 
Values for L and L:D were requir·ed. The ~easured size of the 
·fecal pellet mode is an ~quivalent spherical diameter. Therefore, 140 
"cigar-shaped" pellets, the most abundant type, from rep.resentative· 
fractions were measured. The ave·rage length:width ratio (L:D=2.31., 
' 
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l ( 
I 
std. dev. == 0.36) was used to compute the length of a cylinder, with L:D 
= 2.31., and a volume equivalent to the sphere of known diameter. That 
equivalent volume cylinder length, L, and the L:D ratio were used in 
calculating densities. 
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Appendix G: Densities and Associated Data 
Table Gl: Aggregated Fecal Pellet and Single Mineral Grain Modal 
Sizes (shown as Pellet/ Single Grain Size, both in microns). 
Day 4 
A: 43.6/26.5 
B: 43.3/27.0 
C: 45.5/27.9 
E: 47.1/28.4 
F: 
H: 
K;_ 43.3/27.1 
Settling 
5 
55.2/34.0 
56.5/36.4 
59.9/37.4 
56.4/34.7 
61.5/45.5 
55.0/35.7 
Tube Fraction 
6 
71.5/44.3 
77.5/50.9 
77.9/52.6 
74.0/48.0 
69.9/44.2 
79.3/49.0 
. 76. 7 /52. 9 
Table G2: Pellet Densities (Mg/m3) 
Settling Tube Fraction Number 
Day 4 
A: 1.75 
B: 1. 79 
C: 1. 76 
E: 1.74 
F: - - - -
H: - - - -
~ 1.80 
5 
1.77 
1.83 
1.78 
1.76 
- - ·- -
2.09* 
1.85 
6 
1.77 
1.85 
1-. 88-
1. 88 
1. 80 
1. 76 
1.94+ 
7 
1.86 
1.81 
1.79 
- - - -
- - - -
·-· - .- -
7 
109.3/73.3 
107.7/70.1 
112.2/73.1 
* The Sing.le Grain Mode in Fraction H-5 was not extractable and 
was generated synthetically by GAUSS. 
+ The bimodal curve analys.is on K6 by GAUSS was not possible thus 
the overlay and the resulting modal sizes are a maximum estimate . 
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ABSTRACT 
BIOAGGREGATES 
AND THEIR ROLE IN INORGANIC SEDIMENT TRANSPORT 
IN SUSPENDED SEDIMENTS OF A COASTAL LAGOON COMPLEX 
NEAR STONE HARBOR, N. J. 
by Andrew J. Meglis 
A Thesis 
Pre.sented to the Graduate Committee 
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in Candidacy for the Degree of 
Master of Science 
in 
Geology. 
This study investigates pelletized suspensate in a channel-.lagoon 
complex near Stone Harbor, N. J. Near-bottom suspended sediment was 
. 
collected from Great Channel, a major sediment route into Great Sound. 
Samples were fractionated by settling velocity and· the individual 
·fractions were sized electronically. 
Fecal pellets settle as medium silt to very fine sand grains 
(approximately 20 um to > 88 um . equiv. diam.). Although a small 
population of pellets is always in suspension in Great Channel, th~ 
proportion and concentration of pelletized suspensate vary with 
turbulence induced by tidal flow, wind-·waves, and wind driven currents. 
Durin·g fair weath.er conditions pellets comprise an average of 19 % 
(by weight) of the total near-bottom suspensate, single mineral grains 
ave:rage 13 % (by weight), an.d organic-mineral aggregates average 68 % 
(by weight). The constituent particles of pellets range from < 1 um to 
about 65 um and are broadly distributed clay to very fine sand without a 
distinct mode. 
1 
Densities of most pellets range from 1.7 to 1.9 Mg/m3 . Pellet 
densities are substantially1higher than those reported for pellets of 
planktonic origin (1.0 to 1.4 Mg/m3; Komar, et al, 1981; Taghon, et al, 
1984) but only slightly higher than those of benthic origin (1.2 to 1.7 
Mg/m3; Smayda, 1969, 1971; Risk and Moffat, 1977). 
Durin_g turbulent flow conditions, pellets can comprise as much as 
54 % (by weight) of the suspensate, with single grains and organic-
mineral aggregate mat~rial . . 19 % compr1s1ng and 27 % (by weight), 
respectively. Individual settling velocity fractions of those samples 
collected du.ring turbulent flow conditions may have sediment 
concentratio·ns an order of magnitude greater than similar frac·tions 
during fair weather conditions. The pellets dominating high 
concentration fractions consist of, ~lmost exclusively, unimodal fine to 
medium silt (between 6 um and 18 um). The silt grains are similar in 
size~ to silt in the bottom sediments of Great Sound, where silt-rich 
pellets may be generated. Silt~ rich pellets may also be generated as 
the result of a change to silt-preferential feeding habits by filter 
feeders in response to high suspended sediment flux. 
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